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Overview
Clinical & Public Health Examples 
of Evidence integration
• How to integrate
• Human, animal, “mechanistic” 

evidence - rapid
• Recommendation about use



Goal of systematic reviews
Identify the best quality evidence 
to support a conclusion:
Exposure/intervention X 
increases/decreases outcome Y 
– high certainty



2005/6
World Health Organization 
had just undergone a review 
of its guideline methods

Conclusion: WHO needs to use evidence, 
synthesized in systematic reviews, for its 
guidelines

Avian Influenza threat (H5N1) ~ 200 
documented cases of transmission from 
birds to humans 



WHO Rapid Advice Guidelines for
pharmacological management of 
sporadic human infection with avian
influenza A (H5N1) virus 



Influenza A Virus
Divided into subtypes on the basis of two 
proteins on the surface of the virus: 
• hemagglutinin (HA) and neuraminidase (NA). 
• 18 known HA subtypes and 11 known NA 

subtypes. 
• Many different combinations of HA and NA 

proteins are possible. 
• “H7N2 virus” designates an influenza A virus 

subtype that has an HA 7 protein and an NA 2 
protein. 

• “H5N1” virus has an HA 5 protein and an NA 1 
protein.

• Different strains (e.g. H1N1 changed in 2009)
CDC website 2019



Avian influenza A (H5N1)

• Powerful virus, spread by migratory birds
• Kills 60%
• Transmits from birds to humans and indications for 

human to human transmission 
• Sporadic human cases, but potential for human 

pandemic
• Agreement to stockpile antivirals, but no EB guidelines
• Treatment used for regular flu good for H5N1?

• Should oseltamivir be used for treatment of H5N1 in 
affected adults?



CDC website 2019



PICO
Population:   Avian Influenza (H5N1) patients

Intervention:  Oseltamivir

Comparison:  No oseltamivir

Outcomes:   Mortality, hospitalizations, 
adverse outcomes, 
antimicrobial resistance





The best evidence – from 
systematic review(s)
No RCTs in humans infected with H5N1
One case series with 37 patients 
• Direct (population)
5 RCTs in seasonal influenza
• Indirect (population)
Animal studies 
In vitro 



The best evidence
The existing evidence is based on 
small observational case series of 
H5N1 patients, results from in vitro and 
animal model studies of H5N1, or the 
extrapolation of data from high 
quality studies conducted to evaluate 
the treatment and chemoprophylaxis 
of normal, or “seasonal”, influenza



Similar enough for treatment 
to have similar effects?
H5N1 H1N1 etc

CDC website 2019
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Mechanistic data
Mechanistic data come from a 
wide variety of studies and are 
generally not intended to identify a 
disease phenotype. This source of 
experimental data includes in vitro 
and in vivo laboratory studies 
directed at identifying the cellular, 
biochemical, and molecular 
mechanisms that are related to 
chemicals that produces particular 
adverse effects. 



Indirect
evidence?

Direct

Indirect
evidence?









Similar enough for treatment 
to have similar effects?
H5N1 H1N1 etc

CDC website 2019



Judgments
Similar virus: animal and in vitro data, 
characterization of the virus
• Population: Related, possibly same 

mechanism of action for neuraminidase 
inhibitor

• Outcomes: Resistance in animal models = 
humans

Mechanistic data helped to not dismiss the 
evidence from non-H5N1 studies
But: rated down for population indirectness 
because effects may be substantially 
different 













GRADE in Emergencies & Urgencies 





Rest of table 
summarizes:
 GRADE domains

 risk of bias, 
imprecision, 
indirectness, 
inconsistency, 
publication bias, 
magnitude, etc.

 Certainty in evidence
 Possible summary 

statements



Summary
Focused on highest certainty evidence
Used animal evidence and mechanistic 
evidence to inform judgments about 
indirectness
• Dismiss or rate down?
• Integrated in indirectness judgment
Rapidly done, recommendation 
developed







&

Organizations in environmental 
health and other areas looking 
for structured frameworks for 
evidence synthesis
•“Fit for purpose” – sometimes 
systematic review not possible to 
assemble evidence, i.e., need for 
emergency response

•GRADE’s certainty in the evidence 

GRADE in urgencies











Today
• GRADE “very” brief background
• When and how to integrate
• Human, animal, “mechanistic” 

evidence



Anatomy of a guideline



A World Health Organization guideline

Schunemann, Hill et al., The Lancet ID & 
PLOS Med, 2007



A World Health Organization guideline

Population:   Avian Flu/influenza A (H5N1) 
patients

Intervention: Oseltamivir (or Zanamivir) 

Comparison:  No pharmacol. intervention

Outcomes: Mortality, hospitalizations, 
resources, adverse outcomes, 
antimicrobial resistance

Schunemann, Hill et al., The Lancet ID & 
PLOS Med, 2007



Oseltamivir for Avian Flu
Summary of findings: 
No clinical trial of oseltamivir for treatment of 
H5N1 patients.
4 systematic reviews and health technology 
assessments (HTA) reporting on 5 studies of 
oseltamivir in seasonal influenza. 
• Hospitalization: OR 0.22 (0.02 – 2.16)
• Pneumonia: OR 0.15 (0.03  - 0.69)

3 published case series. 
Many in vitro and animal studies. 
No alternative that was more promising at 
present. No important side effects.
Cost: 40 Euro per treatment course





After over 20 years of increasing confusion, beginning in 2000, 
GRADE developed a unifying, transparent and sensible system 
for grading the certainty of evidence and making decisions

• WHO, NICE, CADTH, CDC, AHRQ, professional societies, 
academic institutions since 2000 – over 100 use GRADE

• Evidence synthesis (systematic reviews, HTA) and guidelines

• International & diverse contributors (>600) 

• 2008/16 BMJ series; 2011 ‐? JCE/EHI series – over 40,000 cites

• Various other publications (incl. GRADE Handbook)

• IT applications

CMAJ 2003, BMJ 2004, BMC 2004, BMC 2005, AJRCCM 
2006, Chest 2006, BMJ 2008, JCE 2011‐2018, EHI 2017 ‐





Approved: South 
Africa, , Czech Rep.,
Planned:  Japan, Poland, 
Brazil



Over 100 
organisations



GRADE came from epidemiology



Certainty in causation



Recommendations & the origin of 
evidence appraisal systems

Canadian Task Force on the Periodic Health Examination, CMAJ, 1979
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Canadian Task Force on the Periodic Health Examination, CMAJ, 1979



Bradford Hill

David Sackett and 
colleagues

GRADE came from epidemiology



&

Etiology
PECO
Association vs. Causation



A sensible question
Population: People

Exposures: Ethylene Oxide
Comparison: no, different levels of, exact 

cut offs of Ethylene Oxide

Outcomes: different types of cancer

PECO



Decisions
Population: People

Intervention: Regulation to ban/reduce 
to certain level 
Comparison: no regulation

Outcomes: cancer, road safety 
(ethylene glycol), surgical 
infections

PICO
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Schünemann et al. JECH 2010
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Confidence in estimates of effect

0% confident 

100% confident 

 starting point? 
Bradford Hill Criteria
Strength 
Consistency 
Temporality 
Biological gradient 
Specificity 
Biological Plausibility 
Coherence 
Experiment 
Analogy 

Good, but insufficient 
(publication bias?)

Schünemann et al. JECH 2010



Why did GRADE not use 
Bradford Hill Characteristics
• Not complete
• Not operationalized

– Random error
– Experimental design
– Consistency 
– Biological plausibility, etc

• Not completely thought through
– Association
– Intervention
– Prognosis
– Tests, etc

• Not fit for what follows from an exposure assessment –
policy & interventions



Confidence in estimates of effect 
or causality

0% confident 

100% confident 

Moderate

Very low

Low

Schünemann et al. JECH 2010



Confidence in estimates of effect 
or causality

0% confident 

100% confident 

 GRADE’s starting point

High

Moderate

Very low

Low

Schünemann et al. JECH 2010



Bradford Hill

GRADE considers Bradford Hill



Bradford Hill and GRADE

Schünemann et al. JECH 2010



Causality considerations
Not everything made sense
50 years later
Bradford Hill – one person
Spitzer, Sackett et al – few people
GRADE – community of more than 
600



Certainty of evidence
How confident in the research?  
Are the research studies well done? Risk of bias
Are the results consistent across studies ? Inconsistency 

How directly do the results relate to our question? 
Indirectness

Is the effect size precise - due to random error? Imprecision

Are these all of the studies that have been conducted? Pub
Bias  

Is there anything else that makes us particularly certain? 
Large effects, worst case scenario predictors still strong 
conclusions, exposure-effect relation 



Operationalization
Risk of bias? 

Are the results consistent across studies ? Inconsistency 

How directly do the results relate to our question? Indirectness

Is the effect size precise - due to random error? Imprecision

Are these all of the studies that have been conducted? Pub. Bias

Is there anything else that makes us particularly certain? Large 
effects, worst case scenario predictors still strong conclusions, 
exposure-effect relation 







Operationalization



Operationalization
Are the results consistent across studies ? Inconsistency

Can inconsistency be explained? – PECO items, explore

Overlapping confidence intervals

Similarity of the point estimates 

I2

Test for heterogeneity



Operationalization
Is the effect size precise - due to random error? 
Imprecision

Are these all of the studies that have been conducted? 
Pub. Bias  

Is there anything else that makes us particularly certain? 
Large effects, worst case scenario predictors still strong 
conclusions, exposure-effect relation 



Indirectness – evidence integration
How directly do the results relate to the 
question of interest? Indirectness



Whatever the question
The population of interest is in 
humans



Mechanistic data
Mechanistic data come from a wide variety of 
studies and are generally not intended to 
identify a disease phenotype. This source of 
experimental data includes in vitro and in vivo 
laboratory studies directed at identifying the 
cellular, biochemical, and molecular 
mechanisms that are related to chemicals that 
produces particular adverse effects. 

Another broad class of mechanistic data relates 
to the toxicokinetics of a chemical (NRC 2014a).



Indirectness is a continuum



Indirectness is a continuum



Animal studies
• Considered a different species
• Typically indirect, but
• First guidance from WHO in 

which evidence is considered 
moderate on the basis of a 
single study in animals



Indirectness affects all 
domains
P
E
C
O
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Indirectness affects all 
domains
P
E
C
O

Five paradigmatic approaches and 
examples for identifying the exposure 
and comparator in systematic review 
and decision-making questions.
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Determinants of certainty in a 
body of evidence: GRADE

A body of evidence starts as: high | 

5 factors that can lower certainty
1. Risk of bias criteria

– Lack of randomization (observational studies) lowers confidence 
to low

2. Inconsistency (or heterogeneity)

3. Indirectness (PICO and applicability)

4. Imprecision

5. Publication bias 

3 factors can increase certainty
1. large magnitude of effect

2. opposing plausible residual bias or confounding

3. dose-response gradient
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Rest of table 
summarizes:
 GRADE domains

 risk of bias, 
imprecision, 
indirectness, 
inconsistency, 
publication bias, 
magnitude, etc.

 Certainty in evidence
 Possible summary 

statements
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GRADE project groups
Feel free to join
• Environmental Health
• Modelling
• Public Health



&

Distinguish
Association (GRADE for risk 
factors)
Causality 
Interventions



Decisions
Population: People

Intervention: Regulation to ban/reduce 
to certain level 
Comparison: no regulation

Outcomes: cancer, road safety 
(ethylene glycol), surgical 
infections

PICO



GRADE Evidence to Decision 
(EtD) framework
Can help decision makers move from evidence to a 
recommendation or decision by:
• Informing judgements about the pros and cons of each option 
• Considering each important factor that determine a decision 

(criteria)
• Providing a concise summary of the best available research 

evidence to inform judgements 
• Helping to structure discussion and identify reasons for 

disagreements
• Making the basis for decisions transparent and adaptable for 

target audiences:
• Clinical and public health
• Policy making
• Health systems
• Coverage decisions



&



Thank you

@schunemann_mac


